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. Current strategies for designing treatments and vaccines for HIV-1 focus on such antibodies, particularly on the highly potent, broadly neutralizing antibodies that are produced during the immune responses of rare infected individuals 2, 3 and which bind to the envelope protein (a highly variable protein) of multiple strains of the virus. However, it is becoming clear that the impact of these antibodies is not limited to direct viral neutralization through binding. Writing in Cell, Bournazos et al. 4 show that in vivo activity of even the most potent broadly neutralizing anti-HIV-1 antibodies relies on antiviral functions that are triggered by binding of cellular receptors -the Fcγ receptors -to the 'tail' region of antibodies of the immunoglobulin G class, binding that was previously found 5 to be crucial for sustaining the in vivo activity of less-potent neutralizing antibodies.
Despite showing promising neutralizing activity in vitro, attempts to use broadly neutralizing antibodies to control HIV-1 infections in vivo have had limited success. Up to now, only the most potent neutralizing antibodies, used at high dose and often only in combination, have yielded measurable control of HIV-1, and this effect rapidly declines with waning antibody levels and as a result of mutations that allow the virus to 'escape' antibody binding [6] [7] [8] [9] . Difficulties with tissue penetration 10 and reduced neutralizing activity during cell-to-cell viral transmission 11 may also contribute to the lower efficacy of these antibodies in vivo and necessitate the maintenance of antibody levels orders of magnitude above those sufficient in vitro [6] [7] [8] [9] . Antibodies are notable for their capacity to link the adaptive and innate arms of the immune response: the variable domains of an antibody specifically recognize different targets, and their constant tail domain, the Fc region, stimulates an array of immune defences. The Fc region is bound by proteins of the complement system, which activate signalling pathways to induce inflammatory responses and destruction of antibody-bound cells or viruses. The Fc region of immunoglobulin G is also recognized by activating and inhibitory Fcγ receptors (FcγRs) on effector cells of the immune system, such as monocytes, macro phages, dendritic cells, neutrophils and natural killer cells. Fc binding provides these cells with essential stimulatory and regulatory signals 12 . FcγR-mediated effector-cell functions include antibody-dependent cellular cytotoxicity (in which antibodies bind to viral proteins expressed on the infected cell, triggering its killing by effector cells), phagocytic
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Potency needs constancy
In a finding that highlights ways to optimize the efficacy of antibody-based therapeutics and vaccines, the activity of potent HIV-1-neutralizing antibodies has been confirmed to depend on cellular binding to the antibodies' Fc regions. a protein normally found in cell types that can physically contract.
Acton et al. show that FRCs do have contractile function and that they use this to tune the tension of the lymph node, demonstrating that it is not the capsule tissue surrounding the organ that restricts its size, but its internal scaffold. The authors investigated signalling in these cells through podo planin, an FRC transmembrane protein that binds the receptor CLEC-2, which is induced on DCs following contact with pathogens. They found that, in the absence of CLEC-2 as a ligand, podoplanin transmits signals through proteins of the ERM family to the proteins GEF-H1 and RhoA, which regulate actin contractility mediated by the protein myosin II. This signalling maintains FRCs in a highly contractile state. Binding of podoplanin by CLEC-2 caused podoplanin to redistribute to another membrane compartment, where it stopped signalling to ERM proteins and thereby relaxed actomyosincontraction. This switched the cells from a contractile state dominated by actomyosin filaments to a protrusive, relaxed and elongated form.
These in vitro findings suggested a plausible scenario for events in vivo (Fig. 1 ). Activated DCs in the lymph nodes -either DCs that are activated in the periphery and migrate into the lymph node, or DCs resident in the lymph node that are activated by factors carried by the FRC conduit system -are induced to upregulate CLEC-2, causing relaxation of the FRCs. This loosens up the lymph-node structure, allowing influx of additional T cells and effectively expanding the volume of the organ.
In line with this model and previous studies 2 , Acton and colleagues found that, at early time points after an inflammatory stimulus in mice, when the cellularity and volume of their lymph nodes has already tripled, FRCs did not undergo significant proliferation. Instead, the spacing of the FRC network increased, indicating a stretched configuration of the cells. To test the potential involvement of podoplanin signalling in this process, the authors studied mice that were lacking CLEC-2 in DCs, and found that they show severely impaired lymphnode swelling after immunization. However, swelling was restored when podoplanin on FRCs was artificially bound by injecting the mice with CLEC-2 protein.
This newly identified mechanism for lymph-node relaxation is thought-provoking. Besides lymph nodes, podoplanin-expressing FRC-like cellular networks are found in the thymus, spleen and tumour-associated stroma, and may play a similar part in regulating the size and cellularity of these organs and tissues. If the size of the local immune compartment could be pharmacologically altered by tuning the contractile state, such networks might even serve as potential targets for immunomodulation. Podoplanin is also induced on most tissue fibroblast cells during inflammatory states 6 . In this situation, CLEC-2-podoplanin signalling might biomechanically resolve swelling and inflammation by squeezing the tissue once CLEC-2 levels drop with the disappearance of pathogenic stimuli.
Although it is highly plausible that DCs act as key messengers to mediate lymphnode relaxation, it seems probable that FRC contractility can also be tuned by other input signals. In this context, it is interesting to note that in many mammals (horses, dogs, humans and especially deep-diving seals), the spleen can contract under low-oxygen conditions to expel an 'emergency reservoir' of oxygenated red blood cells 7 . (Fig. 1) .
Recruitment of effector functions has long been a focus in the harnessing of antibodybased protection against HIV-1 4,5,12-14 , but the precise contributions of direct antibodymediated virus neutralization, activity of the complement system and FcγR-mediated effector functions remain unresolved 13 . Pioneering work indicated that neutralizing antibodies require FcγR functions for their in vivo activity 5 , whereas non-neutralizing antibodies that act solely through effector functions have shown limited in vivo activity against HIV-1 13,15 , suggesting that a combination of both neutralization and effector-mediated activity is needed. By contrast, complement action seems dispensable, at least when neutralizing antibodies are used as a pre-exposure prophylaxis (to try to prevent infection) 5 . Now, Bournazos et al. expand on the previous finding that FcγR-dependent mechanisms are required 5 by investigating the effect of antibody treatment on HIV-1 infection in mice in the presence or absence of Fc-FcγR interactions, either by modulating the antibodies' Fc region or by using mice lacking FcγRs.
Particularly notable is the authors' finding that, despite their superior potency, even the action of broadly neutralizing antibodies is largely dependent on interactions with activating FcγRs. When the researchers engineered the antibodies to improve the strength of Fc-FcγR binding, they observed increased viral control in vivo, highlighting the potential of antibody improvement for therapeutic use. On reflection, however, this dependence on FcγR functions might prove to be a crucial limitation on the use of engineered molecules designed to inhibit HIV entry to cells by targeting viral envelope proteins, because such molecules lack the ability to recruit immune effector functions.
Intriguingly, in experiments using HIV particles that can complete only one round of infection, such that newly infected cells do not express HIV envelope proteins and hence lack binding sites for antibodies, Bournazos et al. still saw FcγR-dependent antibody-mediated viral control. This suggests that classical antibody-dependent cellular cytotoxicity can be ruled out as a sole driving force, and that effector-cell release of soluble antiviral factors and the phagocytic clearance of viral particles may be decisive.
Nevertheless, a central question that remains is, why would a potent neutralizing antibody need to rely on fast, FcγR-mediated removal of antibody-bound viral particles? There are several possible explanations. Neutralization can be reversible if the antibody binding has a high off-rate [16] [17] [18] , and if an antibody fails to irreversibly neutralize the virus, it may be crucial to eliminate these viruses rapidly before they regain infectivity. Tissue penetration may be another limiting factor 10 : lower antibody doses at certain sites may mean that not all envelope proteins on the virus are immediately bound and neutralized.
How many envelope proteins HIV carries, how many of these are needed to infect (and in turn must be neutralized), and how many antibody molecules are needed to trigger irreversible neutralization of envelope proteins will all also contribute to the rate of virus inactivation 19 . Alongside these stoichiometric requirements, the kinetics of neutralization will be steered by the on-rate of antibody binding. Considering all these factors, enhanced clearance of antibody-bound viral particles may become relevant in situations in which the virus is not fully neutralized, either because the threshold of neutralizing-antibody binding required for inactivation has not been reached, or because the specific neutralizing antibody fails to irreversibly block the virus. In support of the idea that quantity of antibody, and hence antibody occupancy, plays a part, Bournazos and colleagues observed that eliciting FcγR effector functions had an additive effect on viral control at lower, but not higher, antibody doses.
Further work will be needed to precisely quantify the impact of phagocytic clearance, and to define if only one or a combination of FcγR-mediated functions is needed to achieve in vivo control of HIV-1 by neutralizing antibodies. Several technical challenges may arise in attempts to investigate this. HIV-1 infection is commonly monitored by quantifying levels of viral RNA, but this approach does not assess the infectivity of the viral particles present, and so both neutralized and non-neutralized virions will be counted. Thus, short-term experiments in which the effects of neutralizing antibodies are assessed solely on the basis of a reduction in RNA levels will not be able to quantify the contribution of Fc-mediated effects. Long-term monitoring of infections, as performed by Bournazos et al. 4 4 show that the antiviral activity of these neutralizing antibodies in vivo depends on effects elicited when the constant (Fc) regions of immunoglobulin G antibody molecules are bound by Fcγ receptors (FcγRs) on the surface of effector cells of the immune system. These effects include engulfment and destruction (phagocytosis) of antibody-bound virus particles (including neutralized and non-neutralized particles); the secretion of soluble factors that stimulate other immune activities; and direct killing (antibody-dependent cellular cytotoxicity; ADCC) of virus-infected cells. 
